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ABSTRACT

Soil samples were collected from ten loca-
tions, covering area cultivated with date
palms in the Al-Hassa Oasis. Physical and
chemical properties of the samples were
determined as well as available phosphorous,
iron, manganese, copper, and zinc were esti-
mated. The nutritional status was found to
vary markedly from one location to another,
though most of the soils exhibited deficien-
cies in available P, Fe, Mn, Cu, and Zn. The
results are discussed in the lihgt of CaCl;-3
content, soil pH and soluble salts.
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INTRODUCTION

Al-Hassa QOasis is one of the largest irri-
gated areas in Saudi Arabia. The land is
cultivated by traditional, methods produc-
ing dates, fruits, alfalfa and some vegeta-
bles (El-Khatib, 1974). Al-Hassa is the
major date producer in the whole country.
Most of Al-Hassa oasis has been under
date palm cultivation for many centuries.
Information regarding the nutritional status

of soils under date palm cultivation is
limited (Stewart-Jones and Kelso, 1977;
Bashour et al.,, 1983; Devi Prasad et al.,
1984; Al-Barrak, 1986).

The objective of this study is to collect
information regarding the nutritional status
of soils that are under date palm cultivation.
It may help to offer a fertilization programme
in order to increase date yield in the oasis.

MATERIALS AND METHODS
Soil Sampling

The sites were chosen to cover most of
the area cultivated with date palms
throughout the oasis. Figure 1 shows the
location of the different sites. Two samples
were collected from each site to represent
the soil layer i.e., 0 - 0.30m and 0.30 -
0.60m.

Methods of Analysis

Air dry soil samples were ground to pass
through a 2 sieve, and then pH, electrical
conductivity (EC), total carbonates and sol-
uble cations and anions were determined
(Richards, 1956). Mechanical analysis was
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made by the hydrometer method (Fath et al.
1976). Organic matter, total nitrogen and
available phosphorus according to Black et
al. (1965). Gypsum was determined
according to Elprince and Turjoman (1983).
Available micronutrients (Fe, Mn, Zu, and
Cu) were determined according to Lindsay
and Norwell (1978).

RESULTS AND DISCUSSION
Physico-chemical Properties

Table 1 shows the physico-chemical
properties of the soil samples. The salinity
of the soils ranged between a very low value
(EC = 1.6 dSm™) to a moderate one (EC =
8.2 dS m’). The dominance of soluble
cations follows the order Na* > Ca** >
‘Mg®* > K*, while that of the soluble anions
follows the order CI" > HCO, > SO, with
the absence of CO_* ion in all the samples.
Soil pH ranged between 7.7 and 8.4. All the
soils are calcareous having an average
CaCO, content of 19.9%. Gypsum content
varied between 0.1% and 1.2%. The parti-
cle size distribution of the soil samples
showed that they had a coarse texture, the
sand fraction exceeded 47% while clay
fraction hardly reached 30% except in one
single sample in which it had a value of
33%.

Nutritional Status

Organic matter, total nitrogen, and the
available nutrients were determined (Table
2). The data for sulphur in the form of sul-
phate ion is presented in Table 1.

Nitrogen and sulphur

Total nitrogen in all soil samples was very
low, having a maximum value of 0.12%.
Total nitrogen represents all forms of nitro-
gen present in the soil regardless of its
source whether organic or mineral. In order
to determine the source of nitrogen in the
soil, total nitrogen values were plotted
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against organic matter content (Figure 2)
where a straight line relationship was found
with r value of 0.9514". It is clear from the
figure and the regression equation (Total
N% = 0.055 0.M.%) that the straight line
passes through the origin which means that
organic matter is the only source of nitro-
gen. Then either farmers did not apply nitro-
gen fertilizers to their soils or it was leached
away via irrigation. Both organic matter and
total nitrogen have higher values in the
upper layers than in the lower ones. This is
due to the application of manure and/or
plant residues on the soil surface.

Sulphur is absorbed by plant roots in the
form of sulphate ion. Sulphate ion concen-
tration is relatively high in the soil solution of
all soil samples, except for two of them rep-
resenting the site 5. Irrigation water also
contains a high concentration of sulphates.
Chemical composition of irrigation water
used in Al-Hassa Oasis is given in Table 3.

An insignificant correlation coefficient (r
= -0.3282) was found between gypsum
content and sulphate ion concentration.
This indicates that gypsum is not the only
source of soluble sulphate in the soil solu-
tion, probably irrigation water also is a
major source of sulphur.

Phosphorus

Plants absorb phosphorus from solutions
in proportion to the concentration of phos-
phate ions in the solution. Further, if other
factors are not limiting, growth will be prop-
ortional to the amounts of phosphorus
absorbed by the plant. According to Black
et al. (1965) the critical level of phosphorus
is 5 mg kg™ P, while soils contanining 5-10
mg kg~ may respond to phosphortis fertiliz-
ers. If the soil contains more than 10 mg kg™
P it will not respond to phosphatc fertilizer.
In view of the above, the phosphorus level
in the soils studied ranges between low and



£0c

Table 1. Physico-chemical properties of the solls.

Soluble cations and anlons (molm~3) Particle size distribution
(saturation extract) %
Sample* EC Gypsum CaCO,
No. dSm™' pH Na* K*' Ca** Mg** CO,2> HCO,~ CI- SO % % Sand Silt Clay
1a 6.0 7.7 157 1.0 151 96 0.0 65 175 209 12 28.3 57 26 17
1b 43 73 183 10 132 44 0.0 40 252 127 06 28.9 55 26 19
2a 3.6 7.8 17.0 1.0 6.0 5.1 0.0 7.1 20.0 6.5 0.3 19.3 69 16 15
2b 29 7.8 15.7 1.0 5.1 3.7 0.0 4.2 19.8 49 0.5 321 57 20 23
3a 3.4 7.7 17.8 1.0 59 11.7 0.0 7.6 25.1 10.7 0.7 23.5 66 19 15
3b 22 78 117 08 52 2.1 0.0 4.1 1562 35 0.2 6.2 89 4 7
4a 3.4 8.1 15.7 1.3 6.1 41 0.0 11.3 201 3.0 0.5 12.8 79 10 11
4b 35 80 178 15 5.2 4.0 0.0 50 253 37 0.1 14.1 71 18 11
5a 1.5 8.2 8.7 1K) 3.2 2.6 0.0 7 14.5 0.2 0.4 11.4 73 20 7
5b 1.6 8.1 7.8 0.8 3.1 2.2 0.0 6.7 14.4 0.2 0.2 7.8 91 4 5
6a 25 8.4 13.5 0.5 45 29 0.0 6.0 15.3 4.0 05 23.3 65 22 13
6b 25 79 109 0.8 5.1 2.1 0.0 54 151 26 0.7 2541 61 22 17
7a 22 8.3 8.7 0.5 3.6 2.6 0.0 73 124 09 0.6 24.4 53 28 19
7b 1.7 8.0 9.1 0.5 43 4.3 0.0 8.1 15.1 1.3 0.5 19.7 59 8 33
8a 7.0 8.0 33.5 1.5 13.2 71 0.0 6.0 47.7 10.8 0.7 17.3 73 16 11
8b 8.2 7.9 32.2 1.8 11.7 204 0.0 5.2 449 235 0.3 21.7 65 16 19
9a 2.5 8.1 11.3 0.8 3.6 8.1 0.0 6.6 14.8 6.8 04 31.4 49 28 23
9b 22 84 109 08 4.2 7.7 0.0 54 147 741 1.1 16.0 47 26 27
10a 7.8 82 352 18 133 118 0.0 55 475 166 03 15.9 75 13 12
10b 6.4 8.3 239 15 15.1 6.1 0.0 4.4 275 177 0.7 18.5 67 20 13

* a: Upper soil layer (0-0.30m) and b: Lower soil layer (0.30 - 0.60m)
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Figure 1. Locations of the sampling sites in Al-Hassa oasis.

moderate, with only a few soils which can
be considered to be rich in available phos-
phorus, i.e. sites 1,2, and 4.
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In arid regions available phosphorus is
usually affected by CaCO3 and pH. There-
fore, the relationship between available



Table 2. Organic matter content and avallable nutrients

Avallable nutrients (mg kg~")

Site OM. % Total
No. N% P Fe Mn Cu Zn
1a 1.89 0.12 69.1 10.5 3.0 0.5 1.2
ib 1.09 0.06 18.3 35 3.3 0.5 0.9
2a 1.43 0.08 21.2 3.9 4.7 0.5 3.0
2b 1.10 0.05 9.3 5.0 6.1 0.4 12
3a 1.25 0.07 49 4.3 38 0.5 1.5
3b 0.22 0.01 3.1 6.7 3.2 0.7 1.6
4a 2.16 0.1 29.4 6.0 51 0.7 1.3
4b 0.84 0.03 6.0 3.3 2 0.5 1.0
S5a 0.71 0.03 4.9 8.2 4.9 0.7 1.5
5b 0.29 0.02 3.7 9.0 2.8 0.7 1.0
6a 1.28 0.07 10.6 5.2 3.0 0.5 2.1
6b 0.64 0.03 7.0 3.9 3.4 0.7 1.2
7a 2.02 0.1 6.2 3.7 6.7 0.5 1.4
7b 1.38 0.08 5.4 2.6 54 0.5 1.3
8a 0.96 0.08 7.2 3.0 4.7 0.7 1.3
8b 0.61 0.03 4.5 2.0 3.2 0.7 1:3
9a 1.91 0.09 0.6 2.8 2.2 0.5 1.2
9b 1.63 0.09 8.7 2.6 2.3 0.5 1.3
8 10a 1.47 0.06 5.6 2.2 1.9 0.5 1.2
© 10b 0.88 0.05 6.4 1.6 0.5 1.0
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Figure 2 . The relationship between organic matter and total N% in the investigated samples

phosphorus and CaCO3 content or pH was
tested through the calculation of their sim-
ple correlation coefficients. The result
showed no significant correlation. This
gives an indication that some soils receive
phosphorus fertilizers while others do not.
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It is well known that most of the farmers of
Al-Hassa apply either cattle or chicken
manure to their farms and few of them apply
NPK fertilizers (18-18-15) in the form of
urea, superphosphate and potassium sul-
phate, respectively. If this is the case, we
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should expect soils having a high P level to
contain high levels of both N and K which is
not the case in the soils investigated (Table
2). This may be explained as follows:

On the application of the compound fer-
tilizer both urea and potasium sulphate dis-
solve in the soil solution and after one or two
irrigation periods they are leached away
because of the coarse texture of the soil. On
the other hand, super-phosphate granules
(monocalcium phosphate) when dissolved

in the soil form a concentrated solution hav-
ing a pH of 1.8. This solution is precipitated
as dicalcium phosphate on the surface of
calcium carbonate particles. Phosphate
ions also may react directly with calcium
ions in the soil solution to form dicalcium
phosphate (Tisdale and Nelson, 1975).
Dicalcium phosphate is less soluble and
hence it is retained in the layers of the soil.

Micronutrients

Critical levels of micronutrients in cal-
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Figure 3 . The relationship between clay content and available Fe in the investigated samples
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Table 3. Chemical composition of irrigation water*

Soluble cations and anions molm 3

EC
ds.m™' Na*
2.29 13.0

K+

0.2

CaE+

3.7

MQE+

21

2_
Co,

0.0

HCO,"

3.1

CI~

14.7

2—
SO,

3.7

Water
type

* after asseed et al. (1982)
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careous soils have been given by Lindsay
and Norwell (1978). Expressed in mg kg™,
these are 4.5 for Fe, 1.0 for Mn, 0.2 for Cu,
and 0.8 for Zn. Most of the soils under inves-
tigation show a deficiency in Fe which was
reported by Stewart-Jones and Kelso
(1977), Bashour et al. (1983) and Devi
Prasad et al. (1984). Iron is retained on clay
surfaces and a negative relationship exists
between clay content and available Fe.
Such a relationship is shown in Figure 3. As
expected, a negative cgrreiation coefficient
was found (r=-0.4579 ). For both Mn and
Zn, most of the soils are above the critical
level. Bashour et al. (1983) and Devi Prasad
et al. (1984) have reported deficiencies in
Mn and Zn in some soils of Hofuf. No Cu
deficiency was found in the soils under
investigation or reported in the literature for
the same area.

It is important to indicate that the critical
levels reported by Lindsay and Norwell
(1978) were given for only two crops, i.e.
sorghum and corn grown on calcareous
soils from Colorado, U.S.A. It is recom-
mended that research should be carried
out to examine the critical levels of micro-
nutrients under the conditions of Saudi
Arabia, especially for date palms and other
local crops.

RECOMMENDATIONS

In view of the above discussion, it is clear
that most of the soils under date palm cultiv-
tion suffer from one or more of the essential
nutrients. Therefore, itis recommended that
farmers should apply manure to their soils
rather than applying mineral fertilizers
especially N and K. The application of sul-
phur would also help in increasing the avail-
ability of nutrients especially phosphorus.
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